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©  NUMERICAL  CONTROL  DEVICE. 

  In  a  numerical  control  device  having  a  spindle  speed 
direct  instruction  means  (11 a)  for  instructing  a  spindle  speed 
directly  and  a  position  detecting  means  (20)  for  detecting  the 
present  rotational  position  of  a  spindle  (17),  means  (11 b)  for 
generating  the  deviation  between  the  instructed  rotational 
position  and  the  present  rotational  position  and  switching 
means  (11 a)  are  provided.  When  controlling  the  speed  of  the 

spindle,  a  speed  command  issued  from  the  spindle  speed 
direct  instruction  means  (11a)  is  input  through  the  switching 
means  to  a  spindle  speed  controlling  circuit  (12),  and  by 
controlling  the  position  of  the  spindle,  the  positional  devia- 
tion  is  input  through  the  switching  means  to  the  speed 
controlling  means,  thereby  stopping  the  spindle  at  the 
instructed  rotational  position. 



T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to   a  n u m e r i c a l   c o n t r o l  

d e v i c e   a n d ,   more   p a r t i c u l a r l y ,   to  a  s i m p l y   c o n s t r u c t e d  

n u m e r i c a l   c o n t r o l   d e v i c e   w h i c h   has   a  s p i n d l e   i n d e x i n g  

f u n c t i o n   and  w h i c h   i s   c a p a b l e   of  c o n t r o l l i n g   b o t h   t h e  

s p e e d   and  a n g u l a r   p o s i t i o n   of  a  s p i n d l e .  

B a c k g r o u n d   A r t  

N u m e r i c a l l y   c o n t r o l l e d   m a c h i n e   t o o l s   a r e   a d a p t e d  

to  s u b j e c t   a  w o r k p i e c e   to   m a c h i n i n g   s u c h   as  t u r n i n g ,  

t h r e a d   c u t t i n g   and  t a p p i n g   w h i l e   a  s p i n d l e   i s   b e i n g  

r o t a t e d   a t   a  p r e d e t e r m i n e d   s p e e d .   In  g e n e r a l ,   t h e  

r o t a t i o n a l   s p e e d   of  t h e   s p i n d l e   is   c o m m a n d e d   i n d i r e c t l y  

by  a  n u m e r i c a l   c o n t r o l   d e v i c e   ( r e f e r r e d   to   as  an  NC) 

w i t h   a  command  in  t h e   form  an  S - f u n c t i o n   i n s t r u c t i o n  

So  Δ,  w h e r e b y   t h e   m a c h i n e   t o o l   i s   made  to   r o t a t e   t h e  

s p i n d l e   a t   a  s p e e d   in  a c c o r d a n c e   w i t h   a  t w o - d i g i t  

n u m e r i c a l   v a l u e   t h a t   f o l l o w s   t h e   l e t t e r   of  t h e   a l p h a b e t  

S.  R e c e n t l y ,   a  m e t h o d   of  c o m m a n d i n g   t h e   r o t a t i o n a l  

s p e e d   of  a  s p i n d l e   d i r e c t l y   has   been   p r o p o s e d   w h e r e i n  

t h e   r o t a t i o n a l   s p e e d   of  t he   s p i n d l e   i s   c o m m a n d e d  

d i r e c t l y   by  means   of  a  f o u r - d i g i t   n u m e r i c a l   v a l u e  

f o l l o w i n g   t h e   l e t t e r   S,  t he   n u m e r i c a l   v a l u e   b e i n g  

s u b j e c t e d   to   a  DA  c o n v e r s i o n   f o r   a p p l i c a t i o n   to   a  s p e e d  

c o n t r o l   c i r c u i t .   An  a d v a n t a g e   g a i n e d   w i t h   t h e   d i r e c t  

command  m e t h o d   is   f i n e   c o n t r o l   of  s p e e d .  

A  f r e q u e n t   r e q u i r e m e n t   r e c e n t l y   in  n u m e r i c a l l y  



c o n t r o l l e d   m a c h i n e   t o o l s   i s   t h a t   t h e   s p i n d l e   b e  

s t o p p a b l e   a t   any  a n g u l a r   p o s i t i o n   w i t h   g r e a t   a c c u r a c y .  

When  m i l l i n g ,   d r i l l i n g   or  t a p p i n g   a  w o r k p i e c e   a t   a  

p r e d e t e r m i n e d   a n g u l a r   p o s i t i o n   t h e r e o n   by  means   of  a  

l a t h e   or  t u r n i n g   c e n t e r ,   f o r   e x a m p l e ,   i t   i s   n e c e s s a r y  

to   b r i n g   t h e   s p i n d l e   to   r e s t   a t   t h e   p r e d e t e r m i n e d  

a n g u l a r   p o s i t i o n .  

F i g .   1  i s   a  v i e w   s h o w i n g   s c r e w   h o l e s   2a ,   2b,  2 c ,  

2d,  a  keyway  3  and  h o l e s   4a,   4b  f o r m e d   in  a  t u r n e d  

w o r k p i e c e   1  a t   p r e d e t e r m i n e d   a n g u l a r   p o s i t i o n s .   T h e s e  

s c r e w   h o l e s ,   k e y w a y   and  o t h e r   h o l e s   may  be  m a c h i n e d   i n  

t h e   f o l l o w i n g   m a n n e r ,   w h i c h   s e r v e s   as  an  e x a m p l e   o n l y .  

F i r s t ,   t h e   w o r k p i e c e   1,  h e l d   in  a  c h u c k   w h i c h   i s   n o t  

s h o w n ,   is   d r i v e n   by  a  s p i n d l e   d r i v e   m o t o r   and  b r o u g h t  

to   a  p r e d e t e r m i n e d   a n g u l a r   p o s i t i o n ,   w h e r e b y   t h e  

p o s i t i o n   on  t h e   body  of  t h e   w o r k p i e c e   a t   w h i c h   t h e  

w o r k p i e c e   is   to   be  m a c h i n e d   i s   f a c e d   t o w a r d   a  r o t a r y  

t o o l ,   a f t e r   w h i c h   t h e   t o o l   i s   d r i v e n   i n t o   r o t a t i o n   t o  

m a c h i n e ,   s a y ,   a  s c r e w   h o l e .   T h u s ,   in  a  n u m e r i c a l l y  

c o n t r o l l e d   m a c h i n e   t o o l ,   i t   i s   r e q u i r e d   t h a t   t h e  

s p i n d l e   be  s t o p p e d ,   w i t h   g r e a t   a c c u r a c y ,   a t   any  a n g u l a r  

p o s i t i o n   in  l i n e   w i t h   t h e   p a r t i c u l a r   g o a l .  

In  t h e   p r i o r   a r t ,   t h e   f o r e g o i n g   i s   a c h i e v e d   b y  

p r o v i d i n g   s e p a r a t e   s y s t e m s   f o r   c o n t r o l l i n g   s p i n d l e  

s p e e d   and  p o s i t i o n ,   w h e r e b y   s p i n d l e   s p e e d   and  p o s i t i o n  

a r e   c o n t r o l l e d   i n d e p e n d e n t l y .   A l t e r n a t i v e l y ,   a n  

a l r e a d y   e x i s t i n g   s p i n d l e   s p e e d   c o n t r o l   s y s t e m   i s  

s u p p l e m e n t e d   w i t h   a  s t r u c t u r a l l y   c o m p l e x   c o n t r o l   u n i t ,  



p r o v i d e d   e x t e r n a l l y   of  t h e   NC,  f o r   s t o p p i n g   t h e   s p i n d l e  

a t   a  p r e d e t e r m i n e d   p o s i t i o n .  

A c c o r d i n g l y ,   t h e   c o n v e n t i o n a l   m e t h o d s   a r e   a t t e n d e d  

by  such   d i s a d v a n t a g e s   as  a  n e e d   f o r   c o n s i d e r a b l e  

h a r d w a r e ,   as  w e l l   as  c o m p l e x   and  c o s t l y   c i r c u i t r y   and  a  

c o m p l i c a t e d   c o n t r o l   o p e r a t i o n .  

The  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e r e f o r e ,   i s  

to  p r o v i d e   a  n u m e r i c a l   c o n t r o l   d e v i c e   w h i c h ,   t h r o u g h   a  

v e r y   s i m p l e   m e t h o d   and  v e r y   l i t t l e   a d d i t i o n a l   h a r d w a r e  

or  o n l y   s l i g h t   a l t e r a t i o n   of  NC  s o f t w a r e ,   e n a b l e s   b o t h  

t h e   s p e e d   and  p o s i t i o n   of  a  s p i n d l e   to  be  c o n t r o l l e d .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   in  an  NC 

e q u i p p e d   w i t h   s p i n d l e   s p e e d   d i r e c t   command  means   f o r  

c o m m a n d i n g   t h e   r o t a t i o n a l   s p e e d   of  a  s p i n d l e   d i r e c t l y ,  

and  s e n s i n g   means   f o r   s e n s i n g   t h e   a c t u a l   a n g u l a r  

p o s i t i o n   of  t h e   s p i n d l e ,   t h e   NC,  w h i c h   c o n t r o l s   t h e  

s p e e d   of  t h e   s p i n d l e   by  t h e   d i r e c t   command,   i s   m e r e l y  

p r o v i d e d   w i t h   a  r e g i s t e r   f o r   s t o r i n g   t h e   a c t u a l   a n g u l a r  

p o s i t i o n   of  t h e   s p i n d l e ,   an  a r i t h m e t i c   c i r c u i t   f o r  

c o m p u t i n g   a  p o s i t i o n a l   o f f s e t ,   and  a  s w i t c h i n g   c i r c u i t ,  

so  t h a t   a  l o o p   can  be  f o r m e d   f o r   c o n t r o l l i n g   b o t h   t h e  

r o t a t i o n a l   s p e e d   and  t h e   a n g u l a r   p o s i t i o n   of  t h e  

s p i n d l e .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g .   1  i s   an  e x p l a n a t o r y   v i e w   f o r   e x p l a i n i n g   t h e  

n e c e s s i t y   of  c o n t r o l l i n g   t h e   p o s i t i o n   of  a  s p i n d l e ,   a n d  

F i g .   2  is   a  c i r c u i t   b l o c k   d i a g r a m   of  t h e   p r e s e n t  



i n v e n t i o n .  

B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n  

F i g .   2  is   a  c i r c u i t   b l o c k   d i a g r a m   i l l u s t r a t i n g   a n  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .   In  F i g .   2 ,  

n u m e r a l   11  d e n o t e s   an  NC  w h i c h   i n c l u d e s   a  command  u n i t  

l l a   f o r   p r o d u c i n g   a  s p e e d   command  VCMD  i s s u e d   d i r e c t l y  

on  t h e   b a s i s   of  a  d i g i t a l   v a l u e   of  f o u r   d i g i t s   w h i c h  

f o l l o w   t h e   l e t t e r   S,  as  w e l l   as  a  s p i n d l e   p o s i t i o n  

command  SPC,  a  r e g i s t e r   PER  f o r   s t o r i n g   t h e   a c t u a l  

a n g u l a r   p o s i t i o n   of  a  s p i n d l e   by  c o u n t i n g   up  o r  

c o u n t i n g   down,   in  a c c o r d a n c e   w i t h   t h e   d i r e c t i o n   o f  

r o t a t i o n ,   p o s i t i o n   p u l s e s   PP  e a c h   of  w h i c h   i s   g e n e r a t e d  

w h e n e v e r   a  p u l s e   c o d e r ,   d e s c r i b e d   b e l o w ,   r o t a t e s   by  a  

p r e d e t e r m i n e d   a m o u n t ,   an  a r i t h m e t i c   c i r c u i t   l l c   f o r  

p r o d u c i n g ,   in  d i g i t a l   f o r m ,   a  p o s i t i o n a l   o f f s e t   PER 

b e t w e e n   a  commanded   a n g u l a r   p o s i t i o n   f o r   t h e   s p i n d l e  

and  t h e   a c t u a l   a n g u l a r   p o s i t i o n   of  t h e   s p i n d l e ,   a  

s w i t c h i n g   c i r c u i t   l l d   f o r   s w i t c h i n g   b e t w e e n   a n d  

d e l i v e r i n g ,   in  a c c o r d a n c e   w i t h   a  s p e e d   c o n t r o l   mode  o r  

p o s i t i o n   c o n t r o l   mode,   e i t h e r   t h e   s p e e d   command  VCMD  o r  

t h e   p o s i t i o n a l   o f f s e t   PER  (a  d i g i t a l   v a l u e )   p r o d u c e d   b y  

t h e   command  u n i t   l l a ,   r e s p e c t i v e l y ,   and  a  DA  c o n v e r t e r  

l l e .  

N u m e r a l   12  d e n o t e s   a  s p e e d   command  c i r c u i t   w h i c h  

i n c o r p o r a t e s   a  p h a s e   c o m p e n s a t i n g   c i r c u i t ,   a  

v o l t a g e / p h a s e   c o n v e r t e r ,   and  a  t h y r i s t o r   c i r c u i t ,   t h e s e  

n o t   b e i n g   i l l u s t r a t e d   in  t h e   d r a w i n g s .   N u m e r a l   13  

d e n o t e s   an  a d d i n g - s u b t r a c t i n g   c i r c u i t   w h i c h ,   in  s p e e d  



c o n t r o l ,   p r o d u c e s   a  d i f f e r e n t i a l   v o l t a g e   ( s p e e d   d e v i a -  

t i o n )   b e t w e e n   t h e   s p e e d   command  VCMD  and  an  a c t u a l  

s p e e d   v o l t a g e   TSA  and ,   in  p o s i t i o n   c o n t r o l ,   p r o d u c e s  a  

d i f f e r e n t i a l   v o l t a g e   b e t w e e n   t h e   p o s i t i o n a l   o f f s e t   PER 

and  t h e   a c t u a l   s p e e d   v o l t a g e   TSA.  N u m e r a l   14  d e s i g -  

n a t e s   a  DC  m o t o r ,   and  15  a  t a c h o g e n e r a t o r   f o r   g e n e r a t -  

ing   t h e   a c t u a l   s p e e d   v o l t a g e   in  a c c o r d a n c e   w i t h   t h e  

r o t a t i o n a l   s p e e d   of  t h e   DC  m o t o r   14.   N u m e r a l   1 6  

d e n o t e s   a  g e a r   box ,   17  a  s p i n d l e ,   18  a  w o r k p i e c e ,   1 9  

g e a r s ,   and  20  a  p u l s e   c o d e r   s u c h   as  a  p o s i t i o n   c o d e r  

f o r   g e n e r a t i n g   a  p o s i t i o n   p u l s e   PP  e a c h   t i m e   t h e  

s p i n d l e   r o t a t e s   by  a  p r e d e t e r m i n e d   a m o u n t ,   as  w e l l  a s   a  

o n e - r e v o l u t i o n   s i g n a l   ( n o t   shown)   e a c h   t i m e   t h e   s p i n d l e  

makes   one  f u l l   r e v o l u t i o n .  

In  t h e   s p e e d   c o n t r o l   mode ,   t h e   s w i t c h i n g   c i r c u i t  

l l d   d e l i v e r s   t h e   s p e e d   command  VCMD  to  t h e   DA  c o n v e r t e r  

l l e .   The  l a t t e r   c o n v e r t s   t h e   s p e e d   command  VCMD  i n t o  

an  a n a l o g   v a l u e   and  a p p l i e s   i t   to   t h e   a r i t h m e t i c  

c i r c u i t   13  w h i c h ,   upon  c o m p u t i n g   t h e   d i f f e r e n c e   b e t w e e n  

t h e   s p e e d   command  VCMD  and  t h e   a c t u a l   s p e e d   v o l t a g e  

TSA,  d e l i v e r s   t h e   d i f f e r e n c e   to   t h e   s p e e d   c o n t r o l  

c i r c u i t   12.  The  s p e e d   c o n t r o l   c i r c u i t   12  e x e c u t e s  

s p e e d   c o n t r o l   in  s u c h   f a s h i o n   t h a t   t h e   s p e e d   d e v i a t i o n  

a p p r o a c h e s   z e r o ,   t h e r e b y   r o t a t i n g   t h e   s p i n d l e   17  a t   t h e  

commanded   s p e e d .   As  t h e   s p i n d l e   r o t a t e s ,   t h e   p u l s e  

c o d e r   20  p r o d u c e s   t h e   p o s i t i o n   p u l s e s   PP  and  t h e  

o n e - r e v o l u t i o n   p u l s e s .   T h e s e   e n t e r   a  p u l s e   d i s t r i b u t o r  

of  a  f e e d   m o t o r   and ,   in  a  t h r e a d   c u t t i n g   m a c h i n i n g  



o p e r a t i o n   or  t h e   l i k e ,   a r e   e m p l o y e d   in  r o t a t i n g   t h e  

f e e d   m o t o r   in  s y n c h r o n i s m   w i t h   t h e   s p i n d l e .   I t   s h o u l d  

be  n o t e d   t h a t   t h e   command  u n i t   l l a ,   DA  c o n v e r t e r   l l e ,  

s p e e d   c o n t r o l   c i r c u i t   12 ,   a d d i n g - s u b t r a c t i n g   c i r c u i t  

13,  DC  m o t o r   14,  t a c h o g e n e r a t o r   15  and  p u l s e   c o d e r   20  

a r e   c o m p o n e n t s   a l r e a d y   p o s s e s s e d   by  t h e   p r i o r   a r t   t o  

c o n t r o l   t h e   s p e e d   of  a  s p i n d l e   by  d i r e c t  c o m m a n d .  

In  t h e   p o s i t i o n   c o n t r o l   mode ,   on  t h e   o t h e r   h a n d ,  

t h e   command  u n i t   l l a   i s s u e s   t h e   s p i n d l e   p o s i t i o n  

command  SPC.  The  r e g i s t e r   l l b ,   i t   s h o u l d   be  n o t e d ,   i s  

c o n s t a n t l y   r e g i s t e r i n g   t h e   a c t u a l   p o s i t i o n   AP  of  t h e  

s p i n d l e   by  r e v e r s i b l y   c o u n t i n g ,   in  a c c o r d a n c e   w i t h   t h e  

d i r e c t i o n   of   s p i n d l e   r o t a t i o n ,   t h e   p o s i t i o n   p u l s e s   PP 

g e n e r a t e d   by  t h e   p u l s e   c o d e r   20.  The  a r i t h m e t i c  

c i r c u i t   l l c   c o m p u t e s   t h e   p o s i t i o n a l   o f f s e t   PER  b e t w e e n  

t h e   s p i n d l e   p o s i t i o n   command  SPC  and  t h e   a c t u a l   a n g u l a r  

p o s i t i o n   AP  and  d e l i v e r s   t h e   p o s i t i o n a l   o f f s e t   PER  t o  

t h e   DA  c o n v e r t e r   l l e   t h r o u g h   t h e   s w i t c h i n g   c i r c u i t   l l d .  

The  DA  c o n v e r t e r   l l e   c o n v e r t s   t h e   p o s i t i o n a l   d e v i a t i o n  

PER  i n t o   an  a n a l o g   v a l u e   w h i c h   i t   d e l i v e r s   to   t h e  

a d d i n g - s u b t r a c t i n g   c i r c u i t   13.  The  l a t t e r   c o m p u t e s   t h e  

d i f f e r e n c e   b e t w e e n   t h e   p o s i t i o n a l   o f f s e t   and  t h e   a c t u a l  

s p e e d   v o l t a g e   TSA  and  a p p l i e s   i t   to   t h e   s p e e d   c o n t r o l  

c i r c u i t   12,   w h i c h   c o n t r o l s   t h e   r o t a t i o n   of  t h e   s p i n d l e  

17  in  s u c h   a  f a s h i o n   t h a t   t h e   d i f f e r e n c e   a p p r o a c h e s  

z e r o ,   w i t h   t h e   s p i n d l e   b e i n g   b r o u g h t   to   a  s t o p   a t   t h e  

c o m m a n d e d   p o s i t i o n .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a  



p o s i t i o n   c o n t r o l   l o o p   can  be  f o r m e d   m e r e l y   by  p r o v i d i n g  

an  NC,  a d a p t e d   to   c o n t r o l   t h e   s p e e d   of  a  s p i n d l e   by  a  

d i r e c t   command  c o m p o s e d   of  an  S  i n s t r u c t i o n   and  f o u r  

d i g i t s ,   w i t h   t he   r e g i s t e r   l l b   f o r   s t o r i n g   t h e   a c t u a l  

a n g u l a r   p o s i t i o n ,   t h e   a r i t h m e t i c   c i r c u i t   l l c   f o r  

c o m p u t i n g   t h e   p o s i t i o n a l   o f f s e t ,   and  t h e   s w i t c h i n g  

c i r c u i t   l l d ,   m a k i n g   i t   p o s s i b l e   to   c o n t r o l   b o t h   t h e  

s p e e d   and  p o s i t i o n   of  t h e   s p i n d l e   t h r o u g h   a  s i m p l e  .  

a r r a n g e m e n t .   In  o t h e r   w o r d s ,   b o t h   s p e e d   and  p o s i t i o n  

c o n t r o l   a r e   made  p o s s i b l e   t h r o u g h   t h e   a d d i t i o n   of  v e r y  

l i t t l e   h a r d w a r e .   F u r t h e r m o r e ,   i f   t h e   NC  has   t h e  

c o n s t r u c t i o n   of  a  c o m p u t e r ,   i n c l u d i n g   a  p r o c e s s o r ,   a  

c o n t r o l   p r o g r a m   memory  and  a  d a t a   memory ,   t h e n   t h e  

a r i t h m e t i c   c i r c u i t ,   s w i t c h i n g   c i r c u i t   and  r e g i s t e r   n e e d  

no t   be  s p e c i a l l y   p r o v i d e d .   I n s t e a d ,   c o n t r o l   of  b o t h  

t h e   s p i n d l e   s p e e d   and  p o s i t i o n   can  be  a c h i e v e d   m e r e l y  

by  a  s l i g h t   m o d i f i c a t i o n   of  t h e   c o n t r o l   p r o g r a m .   I n  

v i ew   of  t h e   f a c t   t h a t   t h e   p o s i t i o n   c o n t r o l   s y s t e m   f o r   a  

t a b l e ,   t o o l   or  t h e   l i k e ,   d r i v e n   by  a  f e e d   m o t o r ,   i s  

e n t i r e l y   t h e   same  as  t h e   a b o v e - d e s c r i b e d   p o s i t i o n  

c o n t r o l   s y s t e m   f o r   a  s p i n d l e ,   t h e   c r e a t i o n   of  v e r y  

l i t t l e   s o f t w a r e   w i l l   e n a b l e   c o n t r o l   of  b o t h   s p e e d   a n d  

p o s i t i o n .  

I n d u s t r i a l   A p p l i c a b i l i t y  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  n u m e r i c a l   c o n t r o l  

d e v i c e   w h i c h ,   t h r o u g h   a  v e r y   s i m p l e   m e t h o d   and  v e r y  

l i t t l e   a d d i t i o n a l   h a r d w a r e   or  o n l y   s l i g h t   a l t e r a t i o n   o f  

NC  s o f t w a r e ,   e n a b l e s   b o t h   t h e   s p e e d   and  p o s i t i o n   of  a  



s p i n d l e   to   be  c o n t r o l l e d .   The  i n v e n t i o n   t h e r e f o r e   h a s  

a  h i g h   d e g r e e   of  i n d u s t r i a l   a p p l i c a b i l i t y   as  i t   p e r m i t s  

n u m e r i c a l   c o n t r o l   to   be  e x e c u t e d   q u i c k l y   a n d  

a c c u r a t e l y .  



A  n u m e r i c a l   c o n t r o l   d e v i c e   h a v i n g   s p i n d l e   s p e e d  

d i r e c t   command  means   f o r   d i r e c t l y   c o m m a n d i n g   t h e   s p e e d  

of  a  s p i n d l e ,   and  p o s i t i o n   s e n s i n g   means   f o r   s e n s i n g  

t h e   a c t u a l   a n g u l a r   p o s i t i o n   of  t h e   s p i n d l e ,   c h a r a c t e r -  

i z e d   by  t h e   p r o v i s i o n   of  m e a n s   f o r   g e n e r a t i n g   a  

p o s i t i o n a l   o f f s e t   b e t w e e n   a  commanded   a n g u l a r   p o s i t i o n  

and  t h e   a c t u a l   a n g u l a r   p o s i t i o n ,   and  s w i t c h i n g   m e a n s ,  

w h e r e i n ,   in  a  s p i n d l e   s p e e d   c o n t r o l   mode,   a  s p e e d  

command  i s s u e d   by  s a i d   s p i n d l e   s p e e d   d i r e c t   c o m m a n d  

means   i s   a p p l i e d   to  a  s p i n d l e   s p e e d   c o n t r o l   c i r c u i t  

t h r o u g h   t h e   s w i t c h i n g   means   a n d ,   in  a  s p i n d l e   p o s i t i o n  

c o n t r o l   mode,   s a i d   p o s i t i o n a l   o f f s e t   i s   a p p l i e d   to   s a i d  

s p e e d   c o n t r o l   c i r c u i t   t h r o u g h   t h e   s w i t c h i n g   m e a n s ,   s a i d  

s p i n d l e   b e i n g  b r o u g h t   to   a  s t o p   a t   t h e   c o m m a n d e d  

a n g u l a r   p o s i t i o n .  
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